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Abstract : 
The terrestrial  troposphere  and  ionosphere are known t o  have  profound  effects 
on t h e   r a d i a t i o n  f ie lds  t r ave r s ing  them. The primary  types  of  effects are 
r e f r ac t ive   (de f l ec t ion ,   po la r i za t ion   ro t a t ion ,   p ropaga t ion   ve loc i ty   changes ) ,  
absorp t ion ,   and   sca t te r ing  by t h e   t u r b u l e n t   s t r u c t u r e   i n   t h e  media. 
I n   p a r t i c u l a r ,   t h e  w e t  t roposphere  plays a ve ry   impor t an t   ro l e   i n   p rec i se  
rad io   p ropagat ion .  The phase  accuracy of VLBI measurements  and  spacecraft 
Doppler  tracking a t  f requencies   g rea te r   than  5 GHz i s  dominated  by 
f l u c t u a t i o n s   i n   t h e   d i s t r i b u t i o n  of water vapor.  

The  Deep Space  Network i s  suppor t ing   the   Gravi ta t iona l  Wave Experiment (GWE) 
on the   Cass in i   spacec ra f t  by providing  atmospheric media c a l i b r a t i o n   f o r  
precise   Doppler   t racking.  The two-way communication l i n k  between  the  ground 
s t a t i o n  and   the   Cass in i   spacecraf t  are i n  effect  an   " an tenna"   fo r   g rav i t a t iona  
waves t h a t  w i l l  pe r turb   the   phase  of t h e  RF signal  between  the  Earth  and 
t h e   s p a c e c r a f t .  The experiment w i l l  be s e n s i t i v e   t o   g r a v i t a t i o n a l  wave 
pe r tu rba t ions   l a rge r   t han   t he   no i se  level f l u c t u a t i o n s  of 3 x 10-15  as 
measured in   the  Allan  Standard  Deviat ion Domain. 

We have  designed  and are t e s t i n g  a new atmospheric   cal ibrat ion 
system to   s ense   l i ne -o f - s igh t  water vapor  and i t s  physical   temperature  
with a goa l   o f   ca l ibra t ing  95% o r  more of water vapor   f luc tua t ion  
dur ing   the   Cass in i  GWE. The ca l ib ra t ion   sys t em  cons i s t s  of a newly 
designed water vapor  radiometer  having a 1 degree  sensing  beamwidth, 
a microwave t e m p e r a t u r e   p r o f i l e r   t o   r e t r i e v e   t h e  ver t ical  d i s t r i b u t i o n  
of the  vapor  physical   temperature,   and  surface  meteorology. A d e t a i l e d  
error   budget   has   been  developed  to   account   for  a l l  of t he   poss ib l e   sou rces  
of e r r o r   d u r i n g   c a l i b r a t i o n  of t h e  GWE and w i l l  be d iscussed .  Two water vapor 
cal ibrat ion  systems  have  been  constructed  in   order   to   provide  s ide-by-side 
t e s t i n g   c a p a b i l i t y  as w e l l  as backup  during  the  actual  experiment.  We w i l l  
r e p o r t  on an  independent tes t  of these  cal ibrat ions  systems  done  by 
comparing them t o  a sho r t   base l ine   r ad io   i n t e r f e romet r i c  measurement a t  
our  Goldstone  complex. 


